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Introduction

Wing’s1 seminal paper in 1981 describing Asperger syndrome
spearheaded a concerted revival of research interest. In con-
tending that Asperger syndrome and autism were similar,

Wing disagreed with Asperger, who had regarded Asperger
syndrome as distinct from Kanner’s autism.2–4 Three decades
later, we have come full circle to the very same question.
The answer is not straightforward, because the diagnosis of
 Asperger syndrome is subject to inconsistent interpretation,
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Background: The question of whether Asperger syndrome can be distinguished from autism has attracted much debate and may even
incur delay in diagnosis and intervention. Accordingly, there has been a proposal for Asperger syndrome to be subsumed under autism
in the forthcoming Diagnostic and Statistical Manual of Mental Disorders, fifth edition, in 2013. One approach to resolve this question has
been to adopt the criterion of absence of clinically significant language or cognitive delay — essentially, the “absence of language delay.”
To our knowledge, this is the first meta-analysis of magnetic resonance imaging (MRI) studies of people with autism to compare absence
with presence of language delay. It capitalizes on the voxel-based morphometry (VBM) approach to systematically explore the whole
brain for anatomic correlates of delay and no delay in language acquisition in people with autism spectrum disorders. Methods: We con-
ducted a systematic search for VBM MRI studies of grey matter volume in people with autism. Studies with a majority (at least 70%) of
participants with autism diagnoses and a history of language delay were assigned to the autism group (n = 151, control n = 190). Those
with a majority (at least 70%) of individuals with autism diagnoses and no language delay were assigned to the Asperger syndrome
group (n = 149, control n = 214). We entered study coordinates into anatomic likelihood estimation meta-analysis software with sampling
size weighting to compare grey matter summary maps driven by Asperger syndrome or autism. Results: The summary autism grey mat-
ter map showed lower volumes in the cerebellum, right uncus, dorsal hippocampus and middle temporal gyrus compared with controls;
grey matter volumes were greater in the bilateral caudate, prefrontal lobe and ventral temporal lobe. The summary Asperger syndrome
map indicated lower grey matter volumes in the bilateral amygdala/hippocampal gyrus and prefrontal lobe, left occipital gyrus, right cere-
bellum, putamen and precuneus compared with controls; grey matter volumes were greater in more limited regions, including the bilat-
eral inferior parietal lobule and the left fusiform gyrus. Both Asperger syndrome and autism studies reported volume increase in clusters
in the ventral temporal lobe of the left hemisphere. Limitations: We assigned studies to autism and Asperger  syndrome groups for sep-
arate analyses of the data and did not carry out a direct statistical group comparison. In addition, studies available for analysis did not
capture the entire spectrum, therefore we cannot be certain that our findings apply to a wider population than that sampled. Conclusion:
Whereas grey matter differences in people with Asperger syndrome compared with controls are sparser than those reported in studies of
people with autism, the distribution and direction of differences in each category are distinctive.
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depending on whether narrow or broad criteria are favoured.
For example, the hierarchical rule states that language delay or
impairment mean that a diagnosis of autism is expedient, even
though such individuals may have a normal IQ and eventually
develop good communication skills so that they could receive
a diagnosis of Asperger syndrome when older.5,6 Aside from
normal language, another problem is that behavioural difficul-
ties associated with Asperger syndrome are also diagnosed
later, leading to delay in intervention.7,8 Consequently, there
has been concern as to whether patients and families are opti-
mally served by this dichotomy. It has subsequently been pro-
posed that the discrete category of Asperger syndrome be
dropped in the forthcoming Diagnostic and Statistical Manual of
Mental Disorders, fifth edition, and subsumed under the wider
autism spectrum disorders.6,8,9 In support of this, Mayes and
Calhoun10 reported that autistic children with or without delay
in acquisition of speech and language do not have significantly
different autistic symptoms and expressive language skills
when they get older. The authors contend that the DSM-IV
classification of Asperger syndrome and autism is ambiguous
and that a DSM-IV diagnosis of Asperger syndrome is often
difficult or even impossible to establish.11 Thus, to distinguish
Asperger syndrome and autism merely on the grounds of dif-
ferent times of speech acquisition may not be justifiable.10 This
position is bolstered by studies finding that there are no signif-
icant differences in terms of symptoms or severity,12,13 disem-
bedding or “central coherence,”14,15 social skills and behaviour16

or outcome5,6,17 between people with autism and Asperger syn-
drome. Perhaps having so much in common can partly ac-
count for the nosological overlap, since clinicians use the terms
differently7 or interchangeably, so that Asperger syndrome
may be regarded as synonymous with high- functioning aut -
ism or milder autism.5,6,8

Others take an opposite stance. Asperger syndrome and
autism present with distinct verbal styles,18–20 motor signs,21

emotion perception22 and pragmatic reasoning.23 There are crit -
ical differences in processing strategies adopted by individuals
with Asperger syndrome and those with autism. The former
prefer to use visuospatial rather than the linguistic approaches
adopted by the latter group.24 Similarities in social interaction
and motor symptoms in people with Asperger syndrome and
nonverbal language disorder have been recognized and sug-
gested to arise from right-hemisphere dysfunction,25,26 whereas
left hemisphere executive function–specific impairment, includ-
ing impaired set-shifting, has been described in people with
autism but not Asperger syndrome.27,28 Clearly, across these
multiple fields of inquiry, a consensus is still being sought.
Therefore an investigation of the shared or unique neuro -

biology of people with Asperger syndrome and autism is
time ly. The aim of the present meta-analysis was to exploit
the growing repository of brain imaging studies to shed some
light on the extent to which brain structure is overlapping or
distinct in people with autism and Asperger syndrome. How-
ever, with only a few recent exceptions,29–32 most MRI studies
to date have recruited mixed groups. Despite a consensus that
brain areas involved in social and executive function, includ-
ing the prefrontal, temporal, striatal and cerebellar regions,
are likely to be affected across the spectrum,33–40 it is uncertain

whether people with Asperger syndrome and autism have a
common neuroanatomy or whether discrete brain differences
accompany a distinct phenotype. We and others have re-
ported significant brain structural differences in people with
Asperger syndrome and high-functioning autism.30,32,41,42 Con-
versely, Lotspeich and colleagues43 suggest the distinction is
one of degree and that Asperger syndrome is on the neuro -
anatomically milder end of the autism spectrum.
To contribute to this debate, we conducted a meta-analysis

of voxel-based morphometry (VBM) studies of grey matter
volume in people with Asperger syndrome and autism.
Voxel-based morphometry studies provide abundant infor-
mation about subtle volumetric differences by quantifying
every volume element across the whole brain. A now rou-
tinely applied tool for meta-analysis of VBM studies is the
anatomic likelihood estimation technique (ALE).44,45 This tech-
nique incorporates large data sets generated by VBM studies
and identifies brain differences most consistently reported
across different studies. This permits regional brain differ-
ences between 2 groups to be mapped throughout the whole
brain with good spatial resolution. We and others have used
ALE to synthesize broad-ranging VBM data sets (e.g., struc-
tural studies of  attention-deficit/hyperactivity disorder,46 de-
pression,47 schizophrenia48–51 and functional studies of schizo-
phrenia52 and autism53). Moreover, ALE can be used to extract
information about neuroanatomic overlap in related condi-
tions.54–56 Building on this application of ALE, we scrutinized
the available literature to establish the relative proportion of
participants with Asperger syndrome and autism in each
VBM study of grey matter volume in people with autism
spectrum disorders. It was possible to categorize the study
samples as either entirely or predominantly people with
 Asperger syndrome or autism. The accumulated data were
subsequently entered into separate ALE analyses of people
with Asperger syndrome and autism to summarize the profile
of grey matter differences in each condition for comparison.

Methods

We collected data for entry into the analysis through searches
in the PubMed, Scopus and PsychInfo databases with the key-
words “autism,” “autistic spectrum disorder,” “Asperger,”
“MRI,” “VBM” and “SPM” (statistical parametric mapping).
From the papers retrieved, we conducted a branch search via
their references. We obtained and screened studies whether
they compared groups with autism or autism spectrum dis-
orders, such as Asperger syndrome and high-functioning
autism, with controls matched for IQ, sex and handedness.
We excluded studies if they did not use VBM methods or did
not report coordinates representing grey matter differences
in 3-dimentional (3-D) stereotactic space. When data from an
earlier study formed part of another study, the study with
largest sample size was included. Studies were then sepa-
rated into 2 groups, autism and Asperger syndrome, based
on the language acquisition history of the majority of individ-
uals in the samples described. For a study to be placed in the
autism group, more than 70% of the participants with autism
spectrum disorders must have had autism, and vice versa for



the Asperger syndrome group. When the proportion of  in -
dividuals with diagnoses of Asperger syndrome or autism
was not clear, the corresponding authors were contacted by
email.  
We transformed coordinates in Montreal Neurological In-

stitute (MNI) format into the Talairach space using the Lan-
caster transform, icbm2tal.57,58 Coordinates transformed to
 Talairach space using the Brett transformation, mni2tal, were
transformed to the original MNI using mni2tal, and recon-
verted to Talairach using icbm2tal.
We performed our meta-analysis using an ALE kernel, ALEn,

(Leung and colleagues51) derived from the original open-source
software from http ://csl .georgetown .edu /software/.44 The
ALEn technique was first applied to compare cerebral
 morphologic abnormalities in patients with first-episode
 schizophrenia with and without antipsychotic treatments.51

The  advantage of ALEn is sample size weighting following
Liptak-Stouffer’s method (for more information, see Leung
and colleagues51). As most VBM studies used smoothing ker-
nels ranging from 8 mm to 12 mm, we used a full-width at
half-maximum smoothing kernel of 10 mm to generate a likeli-
hood map containing a Gaussian probability distribution
around the peak or central coordinates of all the clusters re-
ported in VBM studies.44 We conducted permutation testing
(10 000 permutations) to simulate the chance of the random

event that any given voxel was involved in the disorder under
investigation. A controlled false discovery rate threshold
(p < 0.05) was used to group together closely localized co -
ordinates to generate resulting clusters based on voxel inten -
sities.45 Coordinates far apart from the rest of the group tend to
have a lower intensity value and would consequently be fil-
tered out; hence, resulting clusters in ALE should map to re-
gions most consistently reported across studies. These regions
theoretically should hold greater biologic importance than
 areas appearing in a single study only. We removed clusters
measuring smaller than 100 mm3 from the resulting ALE map.

Results

We obtained and screened a total of 63 studies. We excluded
28 studies that did not use VBM methods and 17 studies that
did not report coordinates representing grey matter differences
in 3-D stereotactic space. When data from an earlier study
formed part of another study, only the study with the largest
sample size was included. In cases where we had to contact the
corresponding authors for more information, all authors replied
rapidly, and none of these studies was excluded. Altogether,
we included 15 studies describing regional grey matter vol-
ume  differences.30,32,35,38,41,59–68 Of these, 3 studies compared both
people with Asperger syndrome and autism separately with
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Table 1: Studies of autism included in a meta-analysis of magnetic resonance imaging studies

No. (male sex) Mean age, yr

Study Mean IQ
Global

differences Participants Controls Participants Controls

Boddaert et al.59 < 70 NA 21 (16) 12 (7) 9.3 10.8

Bonilha et al.60 < 70 NA 12 (12) 16 (16) 12.4 13.2

Hyde et al.61 > 70 No 15 (14) 13 (13) 22.7 19.2

Ke et al.62 > 70 No 17 (14) 15 (12) 10.0 9.7

Kwon et al.30 > 70 NA 9 (9) 13 (13) 14.0 13.6

McAlonan et al.41 > 70 No 17 (14) 55 (47) 11.4 10.7

Rojas et al.63 > 70 No 24 (24) 23 (23) 22.6 21.4

Toal et al.32 > 70 No 26 (21) 33 (30) 31.0 32.0

Wilson et al.64 > 70 No 10 (8) 10 (7) 30.0 29.4
Total 151 (132) 190 (168) 18.2 17.8

NA = not applicable.

Table 2: Studies of Asperger syndrome included in a meta-analysis of magnetic resonance imaging studies

No. (male sex) Mean age, yr

Study Mean IQ
Global

differences Participants Controls Participants Controls

Abell et al.35 > 70 NA 15 (12) 15 (12) 28.8 25.0

Brieber et al.65 > 70 No 13 (13) 15 (15) 14.2 13.3

Craig et al.66 > 70 No 10 (10) 19 (19) 37.9 35.0

Ecker et al.67 > 70 No 13 (13) 22 (22) 27.0 28.0

Kwon et al.30 > 70 NA 11 (11) 13 (13) 13.5 13.6

McAlonan et al.38 > 70 No 21 (19) 24 (22) 32.0 33.0

McAlonan et al.41 > 70 No 16 (13) 55 (47) 11.7 10.7

Salmond et al.68 > 70 No 11 (11) 18 (18) 12.9 12.6

Toal et al.32 > 70 No 39 (35) 33 (30) 32.0 32.0
Total 149 (137) 214 (198) 23.3 22.6

NA = not applicable.
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 controls.30,32,41 The final autism group comprised 9 studies
(Table 1) with 151 patients (mean age 18 yr) and 190 controls
(mean age 17 yr). The final Asperger syndrome group also in-
cluded 9 studies (Table 2) with 149 patients (mean age 23 yr)
and 214 controls (mean age 22 yr). All but 1 study68 included pa-
tients whose diagnoses were derived according to DSM-IV
and/or International Statistical Classification of Diseases and Related
Health Problems, 10th Revision, criteria, and were also confirmed
by either the Autism Diagnosic Interview-Revised (ADI-R),69

Autism Diagnostic Observation Schedule70 or Childhood
Autism Rating Scale.71 Salmond and colleagues68 recruited pa-
tients with diagnoses made by independ ent psychiatrists or
psych ologists and confirmed by the Australian Scale for
 Asperger’s Syndrome.72

There was no significant difference in mean age between

participants with autism or Asperger syndrome and controls
(F3,32 = 0.87 p = 0.46). There were 25 resulting clusters sum -
marizing studies of autism and 14 resulting clusters sum -
marizing studies of Asperger syndrome. These represented
significantly lower or higher grey matter volumes in partici-
pants with either condition compared with typically develop-
ing controls (Fig. 1 and Table 3).
The ALE of autism studies generated a summary pattern of

lower grey matter volumes in the cerebellum, right uncus, dor-
sal hippocampus and middle temporal gyrus in participants
with autism compared with controls; however, grey matter vol-
umes were greater in numerous brain regions, including the
 bilateral caudate, prefrontal lobe and ventral temporal lobe.
The ALE of Asperger syndrome studies indicated that grey

matter volumes were lower in the bilateral amygdala/

Autism

Asperger syndrome

Fig. 1: Cerebral grey matter differences in people with autism (top panel) and Asperger syndrome (bottom panel) compared with controls. Blue
clusters represent less grey matter, whereas red clusters represent greater grey matter. The left side of the brain is on the left side of the panel.



hippocampal gyrus regions, bilateral superior frontal gyri
and left occipital gyrus in participants with Asperger syn-
drome compared with controls. Additional regions of lower
grey matter volume were identified in the right hemisphere
in the cerebellum, putamen, precuneus and medial frontal
gyrus. Grey matter volumes in participants with Asperger
syndrome compared with controls were observed in only a
limited number of regions, including the bilateral inferior
parietal lobule and the left fusiform gyrus.

Discussion

Our ALE meta-analysis of grey matter in people with Asperger

syndrome and autism comprehensively synthesized 15 VBM
studies and revealed overlap, as well striking differences, be-
tween both conditions. For both Asperger syndrome and
autism studies, commonality was noted in the volume excess
in the ventral temporal lobe of the left hemisphere around
the middle and inferior temporal gyrus and lingual gyrus
(Brodmann area [BA] 37 and BA 19). The few studies that
have directly compared people with Asperger syndrome or
autism and controls in the same study30,32,41,42 are not com-
pletely consistent with the findings reported here. In particu-
lar, results from a study by Kwon and colleagues30 and by our
own group41 found no areas of higher grey matter volume in
participants on the autism spectrum compared with controls,
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Table 3: Cerebral grey matter differences in people with autism and Asperger syndrome versus controls

Talairach cluster centre
Group comparison;
hemisphere Brain region x y z ALE extrema

Autism < control

Left Cerebellum –25 –41 –44 0.002655032

Cerebellum –43 –36 –26 0.002488677

Cerebellum –5 –52 –54 0.002449235

Fusiform gyrus (BA 36) –25 –25 –25 0.003079857

Right Cerebellum 49 –48 –31 0.003615862

Hippocampus dorsal aspect 39 –29 –5 0.002565478

Uncus (BA 36) 30 –5 –31 0.003163817

Temporal gyrus (BA 20) 50 –36 –9 0.002379056

Asperger < control
Left Hippocampus/amygdala –33 –11 –18 0.002663099

Superior frontal gyrus (BA 6) –2 11 56 0.00253394

Occipital gyrus (BA 18) –35 –90 4 0.00250766

Right Cerebellum 23 –56 –27 0.002660486

Hippocampus (BA 36)/amygdala 30 –7 –11 0.003364397

Precuneus (BA 7) 6 –62 41 0.003904711

Superior frontal gyrus (BA 8) 4 20 50 0.002540474

Putamen 29 2 8 0.002497614

Medial frontal gyrus (BA 9) 2 51 29 0.00248165

Autism > control
Left Cingulate gyrus 1 –31 43 0.003113334

Middle/Inferior temporal/lingual gyrus (BA 37/19) –25 –74 0 0.002528956

Superior frontal gyrus (BA 6) –9 32 55 0.002564266

Caudate nucleus –13 18 2 0.002510245

Right Cerebellum 33 –73 –16 0.003665626

Cerebellum 27 –70 –30 0.003506785

Parahippocampal gyrus (BA 19) 15 –45 –2 0.003507486

Caudate nucleus 14 27 –1 0.003477965

Anterior cingulate gyrus (BA 32) 4 34 –6 0.00361205

Insula 29 26 16 0.003569398

Precuneus (BA 7) 18 –51 39 0.003508614

Fusiform gyrus (BA 37) 44 –37 –11 0.003414797

Middle temporal gyrus (BA 19) 45 –53 –2 0.003422181

Medial frontal gyrus (BA 9) 23 40 21 0.002538033

Medial frontal gyrus (BA 6) 17 –3 57 0.002442954

Postcentral gyrus (BA 40) 56 –28 19 0.003204449

Asperger > control
Left Middle temporal/fusiform gyrus (BA 37) –43 –59 –7 0.002687444

Parahippocampal gyrus/uncus (BA 28) –15 –8 –27 0.002226388

Inferior parietal lobule (BA 40) –30 –40 46 0.002498069

Right Inferior parietal lobule (BA 40) 38 –39 38 0.001976389

ALE = anatomical likelihood estimation; BA = Brodmann area.
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whereas the study by Toal and colleagues32 reported higher vol-
umes in the high-functioning autism group in fronto-temporal
regions. The study by Kwon and colleagues and that by our
own group were conducted in a childhood sample, whereas
that by Toal and colleagues was conducted using an adult sam-
ple. Potentially, this age difference had a substantial impact on
the results, as in the current meta-analysis the mean age across
all the studies was more in line with that reported in the study
by Toal and colleagues.32

Greater functional activation associated with preserved per-
formance on the embedded figures test of visual search strat-
egy has been reported in this ventral temporal lobe region in a
mixed group of individuals with autism or Asperger syn-
drome.73 This finding was significant despite the small sam-
ple size (n = 6 on the autism spectrum), suggesting that the
results were likely contributed by participants with Asperger
syndrome and autism. There is good proximity of the brain
activation results in the study by Ring and colleagues73 to the
structural differences in the ventral temporal lobe generated
in our ALE summary of autism and Asperger syndrome
studies. An explanation for the superior embedded figures test
performance of both groups with autism15 and Asperger syn-
drome74 and their corresponding ventral temporal activation/
hyperactivation has been suggested to be reliance on visually
mediated strategies rather than working-memory systems.73

Others have not observed expansion but rather a preference
in topology for certain tasks (e.g., people on the autism spec-
trum tend to recruit posterior brain regions during cognitive
processing, and again this has been interpreted as preference
for visual-based processing mechanisms in the spectrum75,76).
In studies of Asperger syndrome, the summary ALE gen-

erated a fairly restricted pattern of differences compared
with typically developing controls. Grey matter volumes
were lower in the bilateral medial temporal regions, includ-
ing the ventral hippocampus extending toward the amyg-
dala, as well as the right putamen and precuneus. The latter
posterior midline region is usually active at rest and may
regulate introspection.77 It is thought that a failure to deacti-
vate this and other components of the default network dur-
ing goal- directed behaviour disrupts cognitive processes in
people with autism spectrum disorders.78 The lower limbic
striatal grey matter volumes reported in studies of people
with Asperger syndrome may contribute to some of the
socio emotional difficulties experienced by these individ uals.
Region of interest (ROI)–based measurement approaches
have yielded much less consistent findings. Aylward and
colleagues79 reported that in people with autism spectrum
disorders, amygdala and hippocampus volumes were lower
than in controls. Conversely, Schumann and colleagues80

 reported that the amygdala was enlarged only in children
with autism spectrum disorders, but that the hippocampus
was enlarged at all ages. Thus, as noted, the age range of the
sample studied may be a critical factor in the pattern of re-
sults observed.
Only for studies of Asperger syndrome did we note clus-

ters of grey matter volume excess relative to controls to be
primarily located in the left hemisphere, medial temporal
lobe and inferior parietal lobule, with only 1 cluster of grey

matter excess identified in the right hemisphere in the infer -
ior parietal lobule. Thus, lower grey matter volumes tend to
be found in the right hemisphere, and higher volumes are
identified mainly in the left hemisphere in people with
 Asperger syndrome. Between the ages of 1 and 3 years, typ -
ically developing children have a pattern of right-hemisphere
dominance that is superseded by left-hemisphere dominance
arising with the development of language after the age of
3 years.81 Rinehart and colleagues82 have argued that the time 
at which language develops may be pivotal for determining
 expression of an autistic or Asperger syndrome phenotype.
Certainly the language development of children with Asperger
syndrome is often precocious and in marked contrast to 
the great difficulty experienced by children with even high-
 functioning autism. This may be reflected in the larger re-
gional grey matter volumes in the language-dominant left
hemisphere of individuals with Asperger syndrome com-
pared with controls. Also of note is the volumetric excess for
the Asperger syndrome group in the inferior parietal lobule
and for the autism group in the fusiform gyrus, since both re-
gions are linked to synaesthesia, the experience whereby sen-
sory perception in one modality is cross-wired to another
modality.83 Sensory interests, and even synaesthesia, have
been noted in individuals with Asperger syndrome,84 and the
latter phenomenon is understood to be associated with larger
parietal and fusiform gyri.83,85 The inferior parietal lobule and
fusiform gyrus also form part of the mirror neuron system86

and face-processing circuit, respectively.87 Thus, anomalies in
these regions in people with autism spectrum disorders may
contribute to the social difficulties experienced by individuals
on the spectrum.88

We observed that in the studies of autism, many more clus-
ters of greater regional grey matter volumes were character-
ized in the resulting ALE map. Some support for the pattern
of volume differences that we observed comes from an ROI
study that directly compared autism and Asperger syndrome
and found larger caudates to be a feature of autism more than
Asperger syndrome.89 Caudate enlargement has been con-
firmed in other autism samples,63,90 including medication-
naïve participants.91 These higher striatal volumes have been
shown to correlate positively with repetitive behaviour scores
measured on the ADI-R,92 but this is not always the case.93 In-
terestingly, children who score highly on the repetitive behav-
iours domain of the ADI-R are more likely to have fathers
with obsessive–compulsive disorder (OCD),94 and people with
OCD have bigger striatal regions than controls.95–97 However,
just as for studies of autism spectrum disorders, there are in-
consistencies in the ROI literature on OCD with smaller98,99 or
no100 size increases in the caudate nucleus but a lower globus
pallidus volume in treatment-naïve patients.100

The direction and location of volume changes in the basal
ganglia reported in studies of Asperger syndrome and
autism were wholly distinct. Asperger syndrome was associ-
ated with a lower right putamen volume, and autism was as-
sociated with larger bilateral caudate volumes. The striatum
(caudate and putamen) integrates information from the en-
tire cerebral cortex and regulates output to motor and thala-
mic targets.101 Striato-limbic circuits interconnect social brain



areas strongly associated with autism, including the amyg-
dala and fusiform gyrus,102,103 superior temporal sulcus104 and
the medial prefrontal lobe.76,105 Anatomic differences in striatal
systems fit with disruption of social behaviours in people
with autism spectrum disorders. In addition, structural dif-
ferences in the striatum are also consistent with the multiple
motor symptoms in people with autism spectrum disor-
ders,106–109 which would be predicted to arise from pathology
in the basal ganglia.109,110 However, we speculate that distinct
intrastriatal differences observed here may parallel the dis-
tinct motor phenotype described in people with Asperger
syndrome and autism. Clumsiness is more common in peo-
ple with Asperger syndrome, whereas children with autism
tend to have postural abnormalities.111,112 A greater impair-
ment in motor preparation in children with high-functioning
autism compared with those with Asperger syndrome has
been interpreted as a downstream effect of a quantitative dis-
sociation in motor planning in people with autism and
 Asperger syndrome.111 Thus, pathology within different com-
ponents of the striatal system may contribute to both the
shared triadic symptoms of autism and Asperger syndrome
described by the ADI-R, and their divergent executive and
motor function profile.82,111,113–116

Classic language-processing regions were not shown to be
different between autism and Asperger syndrome groups
compared with controls. Although somewhat surprising, the
Broca inferior frontal and Wernicke posterior temporal re-
gions are now regarded as part and parcel of a more distrib-
uted cortico-cerebellar network for multimodal comprehen-
sion of language encompassing the inferior parietal, occipital
and cerebellar regions.117,118 Since language impairment is rela-
tively absent in people with Asperger syndrome but present
in those with autism, our findings of fewer clusters of volu-
metric difference in the Asperger syndrome group compared
with controls may indicate relative sparing of brain systems
during the process of neurodevelopment. The more extensive
clustering of grey matter differences in the right hemisphere
in the autism group may be more linked with the pragmatic
language difficulties experienced by these individuals. It has
been previously postulated that right hemisphere dysfunc-
tion contributes to both autism and the nonverbal language
impairment observed in people with semantic–pragmatic
language disorder. Indeed, some have considered that
 semantic–pragmatic language disorder may comprise part of
the autism spectrum,119 whereas others have queried whether
semantic–pragmatic language disorder is a valid discrete
clinical entity.120 Clearly, diagnostic boundaries across these
complex developmental conditions are not completely clear,
and further research is needed.
Determining the basis of the neuroanatomic differences in

people with Asperger syndrome and autism observed in our
synthesis of the voxel-based literature is still a challenge.
There is some indication that the genetics of people with
 Asperger syndrome and autism may be dissimilar. People
with Asperger syndrome are more likely than those with
autism to have a family history of depression, schizophrenia
and the broader autistic phenotype.121 Although some genetic
susceptibility loci in people with Asperger syndrome overlap

with loci associated with autism, others overlap with schizo-
phrenia susceptibility loci.122 One possibility is that on the
spectrum of complex neurodevelopmental disorders, includ-
ing autism, schizophrenia and Asperger syndrome,123

 Asperger syndrome sits closer to schizophrenia-like condi-
tions. Evidence in support of this idea comes from observa-
tions of increased dopamine activity in the caudate in people
with Asperger syndrome,124 which is a feature of schizophre-
nia;125 higher paranoia scores in people with Asperger syn-
drome compared with controls;126 and negative symptoms in
people with Asperger syndrome responsive to risperidone,
an antipsychotic commonly used to treat patients with schizo -
phrenia.127 Indeed, 2 decades ago, the similarities between
childhood schizoid disorder and Asperger syndrome were
described. Wolff128 documented the transition of individuals
with schizoid personality in childhood to adults with schizo-
phrenia spectrum diagnoses, including schizotypal personal-
ity disorder, and described these children as similar to those
originally described by Asperger. Thus, the specific mix of
susceptibility genes and environmental factors acting early in
development may determine the specific diagnostic sub-
group into which people with these traits are categorized.41

Echoing van Os and Kapur,123 it is not schizophrenia or
autism or Asperger syndrome that is inherited or acquired,
but rather a neurodevelopmental vulnerability.

Limitations

Our study has a number of limitations. First, the inferences
drawn from our analysis are necessarily drawn from the
samples contained therein. Although the aggregate sample
sizes are large, and we believe that they are reasonably repre-
sentative of people with autism and Asperger syndrome, we
cannot be certain that our findings apply to the entire clinical
population. This is particularly important in consideration of
the impact of sex and learning disability within the spectrum,
and the studies we included under-represented girls and
women and people with learning disabilities. Moreover, our
ALE approach involved separate analyses of data on partici-
pants with autism and Asperger syndrome, and we did not
carry out a direct statistical comparison of the 2 groups. Un-
fortunately, few studies to date have directly compared
autism and Asperger syndrome using VBM, and mapping
the true overlap is therefore beyond the reach of this paper.
Even in more conventional use of the ALE technique, differ-
ences across conditions have generally been arrived at by
subtraction rather than direct group comparison. As further
studies of autism spectrum disorders continue to be pub-
lished, we expect that future application of continually up-
dated ALE techniques (listed at http:// brainmap .org /ale
/readme .html) to expanded study numbers will facilitate a
direct group comparison in due course. The current study
also suffers the problem of all meta-analyses in that studies
reporting null results are under-represented in the literature.
That is, ALE tends to compound this problem, as a VBM
study reporting no group differences contains no coordin -
ates, and therefore the information cannot be included in the
ALE. In addition, VBM methodology is continually being
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adapted, and the data from original studies incorporated into
our analysis most certainly had been preprocessed and ana-
lyzed in different ways (e.g., whether the results have been
modulated or not).45,129–132 Unfortunately there were insufficient
studies to control for confounds, such as modulation and
smoothing, and in one study, a support vector machine learn-
ing procedure was used to extract VBM diagnostic differences.67

Conclusion

An ALE meta-analysis of grey matter differences in studies of
Asperger syndrome or autism supports the argument against
the disorder being considered solely a milder form of autism
in neuroanatomic terms. Whereas grey matter differences in
people with Asperger syndrome are indeed more sparse than
those reported in studies of people with autism, the distribu-
tion and direction of differences in each category is distinc-
tive. Asperger syndrome involves clusters of lower grey mat-
ter volume in the right hemisphere and clusters of greater
grey matter volume in the left hemisphere. Autism leads to
more extensive bilateral excess of grey matter. Both condi-
tions share clusters of grey matter excess in the left ventral
temporal lobe components of the extrastriate visual system.
This summary of a rich VBM MRI data set has important im-
plications for how we categorize people on the autism spec-
trum and cautions that mixing individuals with autism and
Asperger syndrome may at times obscure important charac-
teristics manifested in one or the other condition alone.
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